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Abstract 
Many drilling incidents have been found relating to human factors, but currently there is not yet a special approach by 
which drilling safety professionals may rationally evaluate the actual human factor risk lever and accordingly select 
appropriate risk control measures for a given drilling process. This paper describes the study effort on creating and 
implementing a special method for drilling human factor risk evaluation based on quantifying the probability and 
severity values for 10 all-inclusive and mutually-exclusive human factor risks associated with 11 drilling activities. 
Data obtained through Delphi process indicated that the drilling activity with the highest human factor risk is 
borehole operation (risk value is 2.7475 S/w-h), and the highest human factor risk code is struck by object (risk value 
is 3.9171 S/w-h). The results of this study can be used in tracking exceptionally high risk periods during a given 
drilling process and assist the drilling safety professionals determine the focal points of the site safety effort in 
accordance with their limited resources. The present paper’s study principles, methods and results will be supporting 
references to the human factor risk management on studies and practices in the drilling industry. 
© 2010 Published by Elsevier Ltd. 
Selection and/or peer-review under responsibility of Society for Resources, Environment and Engineering 
Key words: oil & gas drilling; human factor; risk; quantification 
* Zhang Hong, Corresponding author. Tel.: +86-15811052003; fax: +86-10-82310841. 
E-mail address: hse200301@163.com. 
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
313Zhao Quanmin et al. / Procedia Engineering 18 (2011) 312 – 3172 Zhao Quanmin, Zhang Hong, Fan Jianchun/ Procedia Engineering 00 (20 1) 000–000 
1. Introduction  
Oil and gas drilling activities have been accounting the highest critical injury incident rate than any 
other domains in petroleum industry. The transient, intersecting, continuous and complex characters of 
drilling operation determine the variety of risks and the extreme difficulty to control.  
It has been found that more than 80% of incidents relating to human factor in the global drilling 
industry [1]. After studying the human error features in 59 serious drilling blowout cases from 1970 to 
2006 in China, it shows that the percentage of human factor of direct cause of blowout incident can reach 
93.53%, including the individual violation and management deficiency, which reveals that the human 
factor has a relative higher percentage in China’s drilling industry [2].
Up to now, there is not yet a special approach by which drilling safety professionals may rationally 
evaluate the actual human factor risk lever and accordingly select appropriate risk control measures for a 
given drilling process. Therefore, it is necessary to create a special method for quantificational evaluation 
of the drilling human factor risks, so that strategically measures can be taken to control the risks 
associated with drilling activities. 
The quantificational evaluation method of human factor risk provided by this paper is purely 
theoretical and does not attempt to define actual quantities of activities or risks, but the structured method 
can be applied to any drilling operation. 
2. Methodology 
The risk quantification requires the independent quantification of probability and severity. The product 
of probability and severity provides an individual unit risk value (i.e. risk per worker-hour). As the unit 
risk values for drilling industry is the objective of this study, instead of the cumulative risk value, the 
exposure values (i.e., worker-hours) are irrelevant to be collected and multiplied. 
In order to collect the probability and severity value of each risk associated with each drilling activity, 
the Delphi method is adopted due to it is defined as a systematic and interactive technique to obtain 
opinion consensus from a panel of independent experts by using a series of intensive questionnaires. 
Considering the complex nature of the study, the confounding factors that lead to risk ratings, and the 
variability in experiences among safety experts, the author plans to conduct three rounds of surveys, and 
the goal for consensus is to have an average deviation (for the entire round) of 1 unit or less.  
There are 5 main efforts involved in quantifying the collective human factor risk lever for a specific 
drilling process: 
 Identify typical activities required to a drilling process. 
 Classify and define common human factor risks associated with a drilling process.  
 Identify the common human factor risks that may occur when performing each activity. 
 Rating respectively the probability and severity value for each risk associated with each activity. 
 Calculate the risk values for each activity by summing the risk values associated with the activity.  
2.1. Probability scale for risk quantification 
The probability scale proposed in the paper based on the incident rates by using incidents per worker-
hour. The scale incorporates all levels of probability from zero to incidents that may occur once every six 
minutes per worker, i.e. worker-hours/ incident. Each probability level (from 1 to 10) is separated by a 
power of ten. Because each rating on the 1 to 10 scale represents a range of potential durations, in order to 
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easily multiply by the severity rating value, all original 1-10 probability ratings shall be accordingly 
converted to single point estimates with units of incidents per worker-hour by following the steps shown 
in Table 1[3]:
Table 1 Probability rating value and conversion 
Original score 
for Delphi 
panelists
Incident rate range represented by each 
Probability score  
(worker-hours/incident)
Mid-point of each incident 
rate range 
Converted probability 
values
(incidents/worker-hour)
1 0 or negligible   0 or negligible 0 
2 10,000,000 - 100,000,000 55,000,000 1.8*10-8 
3 1,000,000 - 10,000,000 5,500,000 1.8*10-7 
4 100,000 - 1,000,000 550,000 1.8*10-6 
5 10,000 - 100,000 55,000 1.8*10-5 
6 1,000 - 10,000 5,500 1.8*10-4 
7 100 - 1,000 550 1.8*10-3 
8 10 - 100 55 1.8*10-2 
9 1 - 10 5.5 1.8*10-1 
10 0.1 - 1 0.55 1.8 
2.2. Severity Scale for risk quantification 
In this paper, the author presents a continuous severity scale (shown in Table 2) that captures not only 
the high severity injury types such as disabling injuries, fatalities, but also the low severity injuries such 
as discomfort, temporary pain. The 10 different severity ratios are represented by 1-10 rating scores for 
panelists’ rating in the Delphi survey process. 
After review relevant literatures [4], the impacts (i.e., severity) of the various incident types are not 
linear. For example, the difference between the impact of a fatality and that of a disabling injury is 
significantly greater than that of a major first aid injury and a minor first aid injury. Therefore, the author 
hypothesized that the true severity between severity levels follows a geometric pattern with an adjusted 
ratio based on literature that provides impact values associated with injury severity levels. After gathering 
the rating values from the Delphi questionnaires, the original 1-10 scores will be accordingly adjusted to 
severity ratios. The original scores and adjusted ratios of each severity level are showed in Table 2. 
Table2 Severity rating value and adjusting 
Original Severity Score for Delphi panelists Severity represented by each score Adjusted Severity Ratio 
1 Near miss 2 
2 Negligible 4 
3 discomfort 8 
4 Temporary pain 16 
5 Persistent Pain 32 
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Original Severity Score for Delphi panelists Severity represented by each score Adjusted Severity Ratio 
6 first aid 64 
7 Medical Treatment Case  128 
8 Lost work-time 256 
9 Restricted Work Case 1024 
10 Fatality 16384 
3. Result and Analysis  
3.1. Typical activities associated with a drilling process  
Through work site observation and survey, 11 drilling activities that have relatively highest risk were 
selected for this study, that is,  BOP/wellhead installation, drilling pipe connection, borehole operation, 
trip in and out, drilling pipe disconnection, casing and cementation, mud preparation, logging, hoisting 
and lifting, equipment maintenance, auxiliary operations, and etc. 
3.2. Common human factor risks codes associated with a drilling process 
Based on the comparison and analysis of the incident risk classification systems between China and 
International Drilling Contractor Forum, 10 risk codes during drilling process were selected as relatively 
highest risks for this study, that is, Struck by object, struck by vehicle or mobile equipment, Caught 
in/between machine or material, Fall down, slip or trip, fire or explosion, Poisoning or Asphyxiation, 
Exposure to harmful substances or environments, Overexertion and others, etc. 
3.3. Survey result from Delphi process 
A group of thirteen individuals were selected as drilling safety panelists according to predefined 
guidelines and are asked to take part in this Delphi survey. All expert panelists are requested to rate the 
probability and severity associated with the drilling process by filling in a series of survey forms. All 
thirteen of the panelists completed the first round survey, and twelve panelists completed Rounds 2 and 3.  
In the second round, the panelists were provided with a re-randomized survey form that included the 
median response from Round 1. Panelists were asked to provide reasons for responses that were two or 
more units from the Round 1 median.  
In Round 3, all panelists were transferred anonymously summarizes group opinion and asked to 
reconsider their outlying responses. During the three rounds the panelists closely approached consensus 
which was measured by the absolute deviation.  
The median values for each probability score and each severity score represent the result of the round. 
The median values were used to minimize the effects of potentially biased individuals. The variation in 
the responses is represented by the absolute deviation calculated using the following equation (1) [5]:
 
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MeDEV: Average Deviation from Median 
Mej: Median of rating Value 
Vij: Rating Value 
The final absolute deviation for all of the probability ratings is 0.38 units and the absolute deviation for 
all of the severity values is 0.46. The average deviation for all ratings, including both probability and 
severity, was 0.53 units. That is, after the third round, the absolute deviations were closing to 0.5 units on 
a 1 to 10 scale. This level of consensus is sufficient by comparing with the goal for consensus for this 
study indicated in Section 2.  
After collected all rating data through the Delphi process, the initial 1-10 probability ratings scores 
were converted to single point estimates with appropriate units as described in table 1, and the initial 1-10 
severity ratings scores were adjusted to appropriate scaled severity ratios as described in table 2.  
3.4. Data analysis  
To calculate human factor risk associated with each activity, the converted probability values were 
multiplied by the adjusted severity values respectively. The resulting matrix is represented in Table 3. The 
units of risk is defined in terms of severity per worker-hours (i.e. S/w-h), which represents the chance that 
one worker commits various severity incidents during one hour work time. 
Table 3 Resulting matrix of human factor risk (severity per worker-hour) 
Worker 
activities 
Struck 
by 
object 
Struck by 
mobile 
equipment 
Caught 
in/betwee
n machine 
Fall
down 
Slip or 
trip 
Fire/ex
plosion 
Poisoning Exposur
e to 
harmful 
Overexe
rtion  
Others Total 
BOP/wellhead 
installation 
0.1152 0.0000 0.0001 0.2304 0.0576 0.0058 0.4608 0.0288 0.0014 0.0029 0.7878 
Drilling pipe 
connection 
0.1152 0.0000 0.0576 0.4608 0.0288 0.0000 0.0000 0.0144 0.5760 0.0072 1.1448 
Borehole 
operation 
2.3040 0.0000 1.1520 0.4608 0.0576 0.2304 0.1843 0.0576 0.5760 0.0288 2.7475 
Trip in & out 0.1152 0.0000 1.1520 0.4608 0.0576 0.0115 0.0461 0.0032 0.2880 0.0014 2.0206 
Drilling pipe 
disconnection 
0.0576 0.0000 0.0576 0.4608 0.0288 0.0000 0.0000 0.0000 0.0288 0.0014 0.5774 
Mud
preparation 
0.0003 0.0001 0.0000 0.0058 0.5760 0.0014 0.0720 0.5760 0.0014 0.0029 1.2356 
Casing & 
cementation 
0.5760 0.1152 0.0006 0.1152 0.0576 0.0000 0.0000 0.0000 0.0144 0.1440 0.4470 
Hoisting 0.5760 1.1520 0.0576 0.4608 0.0288 0.0000 0.0000 0.0000 0.0014 0.0058 1.7064 
Well logging 0.0288 0.0576 0.0058 0.0058 0.0014 0.0058 0.0576 0.0576 0.0000 0.0144 0.2059 
Equipment 
maintenance 
0.0288 0.0576 0.0012 0.0000 0.0576 0.0058 0.0000 0.0000 0.0144 0.0144 0.1510 
Auxiliary 
operations 
0.0000 0.1152 0.0001 0.2304 0.0001 0.0144 0.0000 0.0003 0.0072 0.0029 0.3706 
Total  3.9171  1.4977  2.4846  2.8915  0.9520  0.2750  0.8208  0.7379  1.5091  0.2261  11.3947 
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The data matrix reveals that the relatively highest risk types during drilling process is struck by object 
(risk value is 3.9171 S/w-h), and the relatively highest risk activities is associated with borehole operation 
(risk value is 2.7475S/w-h). The total risk value of all main drilling activities is 11.3947 S/w-h. 
The data collected and analyzed in this paper can be used to track human factor risk in several ways. 
One of the most potential effective applications is to estimate exceptionally high risk periods during 
specific processes, which can enable the drilling managers or safety officers to theoretically improve 
safety on-site by preventing simultaneous performance of multiple high-risk work activities and 
implementing safety program elements at opportune times before risk levels are expected to peak. 
4. Conclusions 
The primary finding of this paper was the creating and implementing of a special method for the 
quantification of human factor risks associated with the drilling process. This risk evaluation based on 
quantifying the probability and severity values for 10 all-inclusive and mutually-exclusive human factor 
risks associated with 11 drilling activities. Data obtained through Delphi process indicated that the 
drilling activity with the highest human factor risk is borehole operation (risk value is 2.7475 S/w-h), and 
the highest human factor risk code is struck by object (risk value is 3.9171 S/w-h). The results of this 
study can enable drilling managers or safety officers to identify exceptionally high human factor risk 
periods during drilling process and take appropriate prevention measures.  
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